Background: Alteration in lung function is present in children with pulmonary arterial hypertension (PAH). We aimed to study the pulmonary function indices obtained by spirometry in pediatric patients with PAH, and to correlate them with B-type natriuretic peptide (BNP) and echocardiographic parameters. Methods: Thirty-one children with PAH were enrolled in this study, of those 26 patients (83.87%) associated shunt defect and 5 patients (16.12%) were diagnosed with idiopathic PAH. Forced vital capacity (FVC), forced expiratory volume in one second (FEV1), FEV1/FVC, peak expiratory flow rate (PEFR), forced expiratory flow at 25-75% of the pulmonary volume (FEF 25-75) were evaluated by spirometry and correlated with BNP and echocardiographic parameters that reflect right ventricle function. Results: Restrictive pattern of pulmonary function was present in 51.6% (n = 16) of all PAH children. There were significant correlations between BNP with FVC (p = 0.001), FEV1 (p = 0.001), and FEV1/FVC (p = 0.001). Serum BNP level was significantly increased in the group of patients without shunt. Of those echocardiographic parameters that reflect right ventricle function, we found that TAPSE significantly correlated with PEFR (r = -0.47, p <0.01), and with FEF 25-75 (r = -0.39, p <0.01). Conclusions: Deterioration of the pulmonary function indices are correlated with BNP and echocardiographic parameters, markers of RV dysfunction. Being easy and reliable tests, pulmonary functions can be introduced among the follow-up tools in children with PAH.
(mPAP) ≥25 mmHg at rest as assessed by right heart catheterization (RHC), a pulmonary artery wedge pressure (PAWP) ≤15 mmHg, and a pulmonary vascular resistance (PVR) >3 Wood units in the absence of other causes of precapillary PH. 1 Pulmonary function tests identify the contribution of underlying airway or parenchymal lung disease. Peacock AJ, considering the proximity of pulmonary vasculature and peripheral airways, postulated that it is possible that the latter may be affected either by the mechanical encroachment of enlarged vessels or by mediators of increased smooth muscle tone or proliferation. 2 In the context of impaired peripheral airways as a result of pathological mechanisms in the pulmonary vasculature, it is reasonable to postulate that pulmonary function might be affected by the development of PH. 3 Assessment of lung function in children is considered an important diagnostic and prognostic tool regarding lung diseases. 4 Spirometry, the most readily available and useful pulmonary function test, measures the volume of air exhaled at specific time points during a forceful and complete exhalation after a maximal inhalation. The total exhaled volume, known as the forced vital capacity (FVC), the volume exhaled in the first second, known as the forced expiratory volume in one second (FEV1), and their ratio (FEV1/FVC) are the most important variables reported.
In the adult population with IPAH (idiopathic pulmonary arterial hypertension), previous studies of pulmonary function have been contradictory, with normal lung volumes, restrictive ventilator pattern, and airway obstruction. 3, 5 Pulmonary function tests have not been well-studied in pediatric patients, especially in patients with PAH associated with congenital heart disease (CHD).
B-type natriuretic peptide (BNP), biomarker of right ventricle (RV) dysfunction, are inversely proportional with prognosis in PAH. 6 While in the adult pathology there are many data on the prognostic value of BNP serum level, in pediatric PAH the available data are limited, but few records suggest that BNP might be a useful marker in monitoring severity and treatment response assessment. 1, 7 BNP can remain within the normal range despite profund cyanosis from suprasystemic PVR in patients with Eisenmenger syndrome (as long as right heart failure is not present). 6 Transthoracic echocardiography, due to its noninvasive, safe and more affordable nature, is an important tool for PAH diagnosis and follow-up. 7 As long as RV performance is the key determinant of exercise capacity and long-term outcomes in patients with PAH, echocardiography remains a highly useful investigation in follow-up, providing quantitative and qualitative information on RV function with prognostic significance. 8 The current study included the evaluation of the correlation of spirometric variables with markers of RV in pediatric patients with PAH.
MAtERIALS ANd MEtHOdS
This is a prospective, noninterventional study assessing pulmonary function indices, the serum BNP level and echocardiographic parameters that reflect RV function in pediatric patients with PAH. Thirty-one children aged between 4 to 16 years, with a median age of 12 years, were evaluated between December 2013 and January 2015. PAH was defined in accordance with 2015 ESC/ERS Guidelines. 1 Patients with PAH were distributed into two groups: 1) patients with shunt defect -PAH associated with congenital heart defect (CHD) (group 1, n = 26) and 2) patients without shunt (IPAH) (group 2, n = 5).
Baseline assessment included the WHO (World Health Organization) functional class (FC) and the exercise capacity estimated with 6-minute walk test (6MWT) (in children ≥5 years). The 6MWT and was performed using standard protocol as ATS guidelines. 9 
Pulmonary assessment
Spirometry (nSpire 315000 Koko Legend Spirometer, Hertford, UK) was performed using standard technique measuring FEV1, FVC and FEV1/FVC, peak expiratory flow rate (PEFR), forced expiratory flow at 25-75% of the pulmonary volume (FEF 25-75). The measurement was taken before the echocardiographic examination and was performed using standard protocol as ATS guidelines. 10 The best trial was obtained from an average of three trials and the predictive values for age, sex, height and weight were calculated. Pulmonary functions obtained were classified as either normal, obstructed airways, restrictive or mixed patterns (Table 1) .
Echocardiography
Conventional 2D and Doppler echocardiography in addition to tissue Doppler imaging were carried out for all pediatric patients with an IE33 equipment (Philips, Amsterndam, Netherlands). The echographic parameters that reflect RV function -tricuspid annular plane systolic excursion (TAPSE), tricuspid annular velocity (S`), fractional area change (FAC), myocardial performance index (Tei), and pericardial effusion were determined by echocardiography.
Measurement of serum BNP level
The serum samples were collected in each patient in close temporal proximity to the echocardiographic assessment. Serum BNP (range 0-100 pg/mL) was measured by an ARCHITECT i 1000SR Immunoassay Analyzer equipment (Abbott Diagnostics, Illinois, USA) in peripheral venous blood samples.
The study protocol conforms to the ethical guidelines of the 1975 Declaration of Helsinki, and the informed consent was taken from all parents before taking any data or doing any tests.
Statistical analysis
SPSS software (Statistical Package for Social Sciences, 20 version, Chicago, IL, USA) was applied for statistical analysis. Data were labeled as binary or quantitative nominal variables. Nominal variables were performed by frequency tables and chi-square statistical test was applied. The quantitative variables were tested using Kolmogorov-Smirnov test and were described as mean ± standard deviation, or median and percentile (25%, 75%). Differences between means or medians were analyzed using paired Student's t test or the Mann-Whitney test. The statistically significant level was set to a value of p <0.05.
RESuLtS
The study included 31 children (13 girls -41.9%, 18 boys -58.06%), the median age was 12 years, and the average weight was 32.1 kg.
The result of pulmonary function tests of the studied patients are shown in Table 1 . Restrictive pattern of functions was present in 51.6% (n = 16) of all PAH children, followed by obstructive pattern (n = 9.29%).
The correlation of BNP with the pulmonary function indices in the studied patients documented a significant association of BNP with FVC (p = 0.001), FEV1 (p = 0.001), and FEV1/FVC (p = 0.001) ( Table 2) .
When we studied the correlation between echocardiographic parameters that reflect RV function and the pulmonary function indices in all patients included in the study, we found that there was a significant correlation between TAPSE and PEFR (r = -0.47, p <0.01), and TAPSE and FEF 25-75 (r = -0.39, p <0.01) ( Table 3) .
Of the 31 pediatric patients with PAH included in the study, 26 patients (83.87%) associated shunt defect (group 1), and 5 patients (16.12%) were diagnosed with IPAH (group 2). In our study we could not find any significant differences in regard to the age, sex, and weight between group 1 and group 2, but there was a significant difference between these two groups regarding the length (p = 0.04) ( Table 4) .
We could not find any significant associations between the functional parameters in the two studied groups: functional class (p = 0.38) and 6MWT (p = 0.35), respectively (Table 4 ). There were no statistically significant differences between children with shunt defect and children without shunt defect regarding the results of pulmonary function tests (p >0.05) ( Table 4 ). Serum BNP level was significantly increased in the group of patients without shunt (group 2) (p = 0.04) ( Table 4) .
Of the echocardiographic parameters that reflect RV function there was a significant difference between groups in FAC (p = 0.04). Interestingly, no differences regarding TAPSE, Tei, S`, and pericardial effusion were found in the study groups.
dISCuSSION
Pulmonary function tests identify the contribution of underlying airway or parenchymal lung disease. The results of the study showed that pulmonary function tests are modified in pediatric patients with PAH. Leonard M et al. found that children with severe PAH associated with CHD presented significant reduction in FVC. 11 Our study confirmed that restrictive pattern is the most striking characteristic of pulmonary function test, followed by the obstructive pattern. These findings are in agreement with the study of Sabry AF et al. 4 The restrictive pattern, characterized by severely decreased FVC, is due to the lung stiffness and to the reduced lung compliance secondary to increased pul- Martin C et al., examining the effect of the endothelin receptor antagonist bosentan on endothelin-induced bronchoconstriction, concluded that bosentan completely prevents ET-receptor agonist (IRL1620)-induced bronchoconstriction. 13 In the evolution of PAH patients, cardiac enlargement with its compressing effect and left ventricular dysfunction cause impaired respiratory muscle perfusion, which add an obstructed element. 4 The ability to walk for a distance is an easy way to measure exercise capacity in patients with cardiac and pulmonary disease. Although some data are available, normative values of 6MWT for age, sex, and leg length have not been well standardized in children, and the predictive value of the 6MWT in pediatric PAH has not been proven. 6, 14 In many centers the changes in 6MWT are used for longitudinal monitoring of patients. In our study and in another study done by Jing ZC et al. it was found that no functional parameters correlated well with pulmonary function indices. 3 Significant correlation between 6MWT and FEV1 has been shown in other studies involving patients with chronic pulmonary disease. 15 Considering all PAH patients, the present study showed that FVC, FEV1, FEV1/FVC had very significant positive correlation with serum BNP level, marker of the RV dysfunction. Bernus A et al. found that BNP correlated with hemodynamic parameters, which have been shown to be predictive of outcomes in PAH, and are considered indicators for disease severity. In addition, they observed that a high BNP is indicative of poor survival, more so in IPAH patients. 16 Comparing the two studied groups, the current study could demonstrate significant differences regarding the BNP, elevated levels of BNP being revealed in pediatric patients with IPAH. The current study showed that pulmonary function indices are associated with RV dysfunction, which is more present in patients with IPAH.
As long as RV function is an important determinant of clinical status and outcomes in PAH, the assessment of RV function by echocardiography continues to play a central role in PAH diagnosis and follow-up. 6 Echocardiography can measure a number of RV parameters that have been shown to be key determinants in the prognosis of PAH, and which may be used as specific goals for treatment. Recently, TAPSE, alongside FC and NT-proBNP (N-terminal pro b-type natriuretic peptide), has been recognized as treatment goal in pediatric PAH. 8 The results in this study show that PEFR and FEF 25-75, indicating small airway obstruction pattern, correlate with TAPSE. Some published studies have evaluated the correlation between spirometric parameters and pulmonary artery systolic pressure estimated by echocardiography. 18, 19 However, from our knowledge, no study has evaluated the correlation of pulmonary function indices with echocardiographic parameters that reflect RV function, until now.
The main limitation of our present work is that it was an observational study with a small number of pediatric patients diagnosed with PAH. In addition, the studied group is heterogeneous.
CONCLuSION
The positive correlations of pulmonary function indices with BNP and with echocardiographic parameters that reflect RV function support the idea that resting lung function measurements can be introduced among the follow-up tools in children with PAH. The restrictive pattern was associated with most of the patients of the study, proving that lung compliance is affected in pediatric patients with PAH.
